Purpose To determine the effect of entropion surgery on corneal health in terms of surface epithelium, tear film stability, change in curvature and vision. Methods Prospective study; included consecutive patients with trachomatous upper lid entropion undergoing corrective surgery. Corneal opacity and other conditions that reduced vision were recorded. Best-corrected visual acuity, corneal fluorescein staining, tear film break-up time, Schirmer I test, and keratometry were performed before and after surgery. Data were analysed using Student's t-test, v 2 test, one-way ANOVA, one-sample t-test, and logistic and multiple regression. Results Thirty-six female and 15 male patients with an average age of 59.1710.65 years were included. Lenticular and retinal causes resulted in blindness (P ¼ 0.008), and low vision (P ¼ 0.02), more often than entropion. At 90 days after surgery, vision improved by 0.5571.48 lines (P ¼ 0.01). Superficial punctate staining of the cornea reduced by half over 1-15 days (average 6.9674.99) after surgery, and completely in 1-90 days (average 26.15717.49). Tear film break-up time (range: 3-20 s preoperatively) improved significantly after surgery (P ¼ 0.005) whereas Schirmer I (range: 10-35 mm preoperatively) and keratometry values showed insignificant change. Conclusions Surgery for entropion results in healing of superficial keratopathy, improves tear film stability, and the realigned lid margin spreads tears evenly and efficiently, thus contributing to improved vision. These changes, taking place over 1-90 days, should be kept in mind when planning intraocular surgery, keratoplasty, or keratorefractive procedures after entropion correction.
Introduction
Trachoma, by virtue of its chronic inflammatory and cicatrizing effect on conjunctival epithelium, affects both aqueous and mucin secretion, resulting in an unstable tear film. [1] [2] [3] Its blinding effect on the cornea is consequent not only to infiltration, but also to trichiasis causing recurrent corneal epithelopathy and infectious corneal ulcers, and to defective tears. 2, 4, 5 Although some improvement in corneal opacification and vision has been reported following surgery to correct trichiasis or entropion a similar effect on tear film stability has not been reported earlier. 4, 5 Even in normal conditions, lid pressure has been shown to affect corneal shape. 6, 7 This effect can be accentuated in pathological lid conditions, and also after surgery to correct them, resulting in astigmatism and reduced vision. 6, [8] [9] [10] [11] [12] [13] [14] [15] Although change in corneal curvature has been reported after correction of epiblepharon, congenital entropion, and ptosis, the effect after correction of trachomatous entropion has not previously been studied. 11, 14, 16, 17 The aim of this study was to determine the effect of entropion surgery on corneal health in terms of surface epithelium, tear film stability, change in curvature, and vision. Changes in these parameters after surgery for entropion could affect vision in spectacle and contact lens wearers, and impact subsequent interventions like keratoplasty, keratorefractive, and intraocular surgery.
Materials and methods
Consecutive patients with trachomatous upper lid entropion undergoing corrective surgery over a 1-year period were prospectively examined after informed consent and Institutional Ethical Committee clearance. The diagnosis of trachoma was on the basis of clinical criteria recommended by the World Health Organization. 18 Best-corrected visual acuity (BCVA), location of corneal opacity (peripheral, other than trachomatous pannus, or central), and any other conditions capable of reducing vision were recorded in these patients. Visual loss was graded, according to the definition given by WHO, into low vision (BCVA o6/18 but X3/60 in the better eye) and blindness (BCVA o3/60 in the better eye). 19 Corneal fluorescein staining was carried out and the area of staining was recorded diagrammatically by the same observer (PKM) in all cases. It was graded from 0 to 2, where 0 ¼ no stain; 1 ¼ superficial punctate staining of phalf of the corneal surface; and 2 ¼ more than half of the surface took up the stain. To reduce bias, the observer was masked to previous corneal drawings at subsequent follow-up visits. None of the patients received lubricating eye drops before or after surgery. Tear film break up time (BUT), Schirmer I test (using Whatman number 41 filter paper), and keratometry in two dominant corneal meridia (using Bausch & Lomb type keratometer) were performed and the results recorded.
The original cohort included 90 consecutive patients with moderate to severe (without lid gap) trachomatous entropion. These patients were part of a study investigating the efficacy of three surgical procedures in correcting trachomatous entropion. 20 Kemp and Collin's 21 grading of moderate and severe entropion was used. The surgical procedure was allocated by computer-generated randomization and included terminal tarsal rotation after transverse tarsotomy (Kettesy's procedure), 22 tarsal rotation with tarsoconjunctival advancement (Collin's modification of Trabut's procedure), 23 and anterior lamellar repositioning with lid margin split and wedge resection of tarsus. 19 These are routinely performed in this hospital and are established procedures in the correction of moderate to severe (without lid gap) trachomatous entropion. 19 The surgical results, including intraoperative and postoperative complications, were comparable for the three procedures. These results, including preoperative and postoperative photographs, have been published earlier. 20 This was the second arm of the study and included only those patients where preoperative keratometry was possible; thus patients with dense corneal opacity and severe dry eye were excluded from analysis.
After each procedure, the eye was bandaged for 24 h with ciprofloxacin 0.3% eye ointment. Patients were prescribed oral ciprofloxacin (500 mg twice a day for 5 days) and ibuprofen (400 mg thrice a day for 3 days). Ciprofloxacin 0.3% eye drops were instilled starting at least 3 days before surgery and continued up to the 15th postoperative day.
Patients were followed up on postoperative day 1, and then weekly for corneal fluorescein staining, and on day 90 for BCVA, tear film break-up time, Schirmer I test and keratometry in two dominant meridia.
Data were subjected to statistical analysis. Unpaired and paired Student's t-test, w 2 and Fisher's exact tests at the 5% level, one-way ANOVA, one-sample t-test, and logistic and multiple regression was used.
Results
The study included 51 patients (51 eyes) with age ranging from 32 to 75 years (average age 59.1710.65). There were 36 female and 15 male patients. The duration of entropion varied from 1 month to 15 years (average 56.7752.12 months). Entropion was moderately severe in 38 eyes and severe, without lid gap on gentle closure, in 13 eyes. Terminal tarsal rotation after transverse tarsotomy (Kettesy's procedure) 22 and tarsal rotation with tarsoconjunctival advancement (Collin's modification of Trabut's procedure) 23 were performed in 18 eyes each, whereas anterior lamellar repositioning with lid margin split and wedge resection of tarsus 19 was performed in 15 eyes.
Preoperative BCVA and causes for poor vision are shown in Table 1 . Lenticular and retinal causes were responsible for blindness (P ¼ 0.008) and for low vision (P ¼ 0.02), significantly more often than entropion-related causes (Fisher's exact test). Trachomatous corneal opacities, other than pannus, were seen in 12 patients, located peripherally in eight eyes and centrally in five eyes. The presence of opacity (P ¼ 0.08), or its location (P ¼ 0.38) did not significantly affect preoperative vision (w 2 test). On performing logistic regression, taking corneal opacity as the dependent variable, opacities were not related to patient's gender, age, or duration of entropion. Tear film BUT, however, was significantly lower in patients with opacities (P ¼ 0.01; b-coefficient À0.199; odds ratio 0.819; 95% confidence interval 0.703-0.955).
At 90 days after surgical correction of entropion, BCVA improved in the cohort by 0.5571.48 lines (P ¼ 0.01, one-sample t-test). However, BCVA worsened in five patients (9.8%) by 1-5 lines (average 2.071.73) and was invariably due to progression of cataract (n ¼ 4) or posterior capsular opacification (n ¼ 1 (Table 2) . Although average Schirmer I values reduced after intervention, the difference was not statistically significant.
Preoperative and 90-day postoperative values of keratometry in the horizontal and vertical meridia are shown in Table 2 .
-test).
Although vertical curvature seemed to increase more than the horizontal, the difference was not statistically significant.
The three procedures were compared for their effect on corneal epithelial healing, tear parameters, and keratometry values (Table 3 ). The degree of corneal Corneal changes after entropion surgery P Monga et al staining was comparable for the three procedure groups, involving half or less of the corneal surface in five, seven, and five eyes, and greater than half in 13, 11, and 10 eyes, respectively (P ¼ 0.78; w 2 test). Terminal tarsal rotation after transverse tarsotomy resulted in significantly faster healing of the corneal epithelium, whereas anterior lamellar repositioning with lid margin split and wedge resection of tarsus resulted in a relative flattening of the horizontal meridian of the cornea compared to the other two procedures.
Discussion
Entropion and trichiasis due to trachoma are an important cause of corneal blindness worldwide. 24 However, in this study, significantly more patients with entropion had low vision or blindness due to lenticular causes, rather than corneal. This could be taken to mean that trachoma, although still prevalent, is losing its blinding potential in this part of the world. However, low vision and blindness in trachoma are difficult to measure adequately. 25 Moreover, this was a hospital-based study, and we excluded patients with dense corneal opacity where keratometry was not possible. Thus, the data on blindness are likely to be biased and do not reflect the prevalence of blindness due to trachoma in the community. Vision improved after surgery for entropion in 47.0% (24/51) patients, even when patients had lenticular causes of reduced vision. This improvement is likely to have occurred from a combination of factors that resulted from correction of entropion. Improvement in the status of corneal epithelium and the tear film, as deduced from the temporal improvement in corneal staining and tear film BUT, were probably both responsible. In addition, reduction in reflex lacrimation may have contributed. The change in vision in our patients is likely to persist, unlike that reported after ptosis surgery, where transient changes in corneal curvature were temporarily responsible for change in vision. 11, 17 Trichiatic cilia, rubbing on the cornea, produce numerous superficial punctate erosions. Grossly, these are visible as a hazy cornea, but are clearly delineated on staining with fluorescein. In our patients, these erosions healed completely after correction of entropion regardless of age, gender, duration or grade of entropion, area of staining, or type of surgical procedure. This suggests that appropriate surgical correction of entropion is adequate to heal the epithelium in all cases. Even though patients with larger areas of fluorescein staining had lower BUT values, the speed of resolution was comparable to those with higher BUT values. Final resolution took on an average 30 days, and never more than 90 days. This fact must be kept in mind when planning any other procedure on the cornea after entropion surgery. Intraocular surgeries, keratoplasty, or keratorefractive procedures should be deferred for at least 30, but preferably 90 days after correction of entropion. Abnormal tear film stability is known to jeopardize the results of such procedures. [26] [27] [28] Even though preoperative BUT values were comparable in the three procedure groups, epithelial healing was significantly faster following terminal tarsal rotation after transverse tarsotomy. The reason for this is not immediately clear. This procedure takes the least time to perform, and involves the least surgical dissection. 20 Possibly, these factors lead to faster healing of the realigned lid margin and, consequently, the corneal epithelium.
Tear film BUT reflects the quality and stability of the tear film. Corneal epithelial diseases may be accompanied by some tear film instability due to superficial epithelial abnormalities, even when the tears are otherwise normal. 29 Trachoma is known to cause conjunctival scarring leading to tear film abnormality. 3 In this study, BUT values varied between 3 and 20 s, but no patient had drying of conjunctiva or cornea; low BUT Corneal curvature did not change significantly after surgery in our study, suggesting minimal or no effect of trachomatous upper lid entropion on corneal curvature. Similar results have been described after correction of epiblepharon, using retrospective data on refractive errors.
14 However, some authors have used computerized corneal topography or videokeratoscopy to demonstrate change in corneal curvature in ptosis, 13 meibomian cyst, 6 and chalazion, 9 and after blepharoplasty or surgery for ptosis. 11, 16, 17 Some suggest that changes in corneal curvature may be missed on manifest refraction or keratometry, but show up on topography. 13 A study using computerized corneal topography may reveal whether entropion surgery significantly changes corneal curvature. However, when individual procedures were considered, compared to the other two procedures, anterior lamellar repositioning with lid margin split and wedge resection of tarsus resulted in flattening of the horizontal meridian of the cornea. Although the other two procedures rotate the marginal tarsus by 90 or 1801, this procedure splits the lid margin and rotates the lash bearing anterior lamina alone. 20 The released posterior lid margin may then be free to exert pressure on the cornea, resulting in changes in curvature. The proposed mechanism is purely speculative and needs to be corroborated in a larger number of cases.
This study demonstrates that surgery for entropion results in healing of superficial keratopathy, and improves tear film stability in patients with trachomatous upper lid entropion, contributing to improved vision. These changes take place over a period ranging from 1 to 90 days. One of the limitations of this study is that we did not evaluate the study patients for any additional ocular surgical interventions that they may have undergone after the study concluded.
Nevertheless, this time lag should be kept in mind when planning intraocular surgery, keratoplasty, or keratorefractive procedures after entropion correction.
